This paper shows that negative comovements between major macroeconomic variables at businesscycle frequencies are commonly observed, but that standard Real Business Cycle (RBC) theory fails to predict this feature of the data. We show that allowing for anticipation eects in response to news shocks enables standard RBC models to predict both the observed patterns of negative comovement and overall positive correlations. Anticipation also improves magnication of shocks in the model without harming predictions for the other second moments central to RBC studies. Anticipation eects improve on standard RBC frameworks by oering an empirically plausible explanation for the nontrivial fraction of time that aggregate variables are observed to comove negatively.
1
Introduction.
The prototypical business-cycle model emphasizes positive comovements between major macroeconomic aggregates. After all, this is the stylized view of the business cycle as exemplied by positive unconditional correlations observed in aggregate data. Yet, growth-rates of U.S. quarterly real per-capita consumption (C ), capital investment (I K ), output (Y ), and hours worked (H ) are far from perfectly correlated (left panel of Table 1 ). Of the 215 growth-rate observations employed to construct Table 1 , less than one-quarter (50) involve all four rates changing in the same direction contemporaneously. Hodrick-Prescott (HP) ltered data (right panel of Table 1 ) are by construction more highly correlated than rst-dierenced data Nason, 1995b, Canova, 1998) . So HP-ltered data better conform with business-cycle models dominated by positive comovements. But at least a third of these observations also involve negative comovements.
This paper documents the extent of these observed negative comovements in US data, including periods immediately surrounding NBER business-cycle dates, and shows how they are consistent with anticipation eects in simple Neoclassical models. By anticipation eects we mean the dynamic responses of an economy to information, or news, about future changes in economic fundamentals unrelated to current fundamentals.
The fact that simple Neoclassical models deliver negative comovements in anticipation of future changes is well known but has been viewed as inconsistent with the stylized view of business cycles. Thus a central assumption in the real business cycle (RBC) literature is that information innovations coincide with shocks to current fundamentals only and, in response to these purely unanticipated changes, RBC models deliver positive comovements almost exclusively. and regulations, has important inuences on the current decisions of forward looking rational agents. Such news enables forecasts of future fundamentals not predicted by current fundamentals, and forward looking agents will respond accordingly. If an anticipated change in fundamentals turns out not to be realized on the date expected, this is analogous to an unanticipated change in current fundamentals. For example, not realizing an anticipated 1% increase in total factor productivity means agents are less wealthy than expected and yields similar dynamics to realizing a 1% decline when no change was expected in the rst place.
So, allowing for anticipation opens the possibility of explaining economic downturns without appealing to technological regress thus addressing a major criticism of RBC models.
Empirical support for the relevance of anticipation eects is mixed. for patterns of comovements in the data enabling it to simultaneously replicate both patterns of negative comovement and the aggregate positive correlations that are consistent with the stylized view of the business cycle. In addition, anticipation increases magnication of shocks in the model without negative implications for the usual second moments central to RBC studies. We conclude that "news shocks in the standard RBC framework oer an empirically plausible explanation for the large proportion of negative comovements observed in aggregate data. On the other hand business cycle models which emphasize or predict only positive comovements are strongly at odds with the evidence.
Section 2 below briey illustrates theoretical transitional dynamics from the basic model, and highlights the implications for comovements under the alternative assumptions of anticipated changes versus immediate shocks to productivity. Section 3 then presents evidence on these comovements from our sample of U.S. data.
Section 4 presents simulation results on these comovements from the model. For completeness, Section 5 briey illustrates the performance of the model, for other data moments, under the anticipation assumption.
Section 6 concludes.
Theoretical Growth Rate Dynamics
The theoretical benchmark employed in this paper is the simple one-sector Neoclassical growth model, with labour choice, common to the RBC literature (eg. Prescott, 1986, Christiano and Eichenbaum, 1992) . There is a single representative household which maximizes expected utility according to,
E t is the mathematical expectations operator conditional on information at time-t. C t is period-t consumption, and l t is labour supplied from a unit endowment of time per period. β < 1 is the household's subjective rate of time preference. The period utility function over consumption and leisure is parameterized as:
where V (•) is specied as, ln(1−l t ) under the divisible-labour assumption, or as (1−l t ) under the indivisiblelabour assumption (Hansen, 1985) .
The household's labour supply earns a competitive wage rate, w t . Households also save directly in capital which is rented out each period for a competitive rate of return r t , and which follows the usual law of motion, K t+1 = (1 − δ)K t + I Kt , where δ ∈ (0, 1) gives the rate of capital depreciation and I Kt is new capital invesment. The resulting household income is allocated between consumption goods and capital investments implying the following time-t budget constraint,
The production of output, Y t , is undertaken by a representative rm which employs labour and rents capital to maximize period-by-period prots with a constant returns to scale production technology,
Where, A > 0, and α ∈ (0, 1) are standard production function coecients. S t > 0 is an exogenous total-factor productivity (TFP) variable or technology shock assumed to follow a random walk with drift,
The drift parameter µ, determines the long-run rate of growth of the economy and hence the balanced-growth path (BGP) equilibrium characterized by stationary per-capita hours and dierence-stationary per-capita output, consumption, and capital stocks.
Capital adjustment costs, variable capacity utilization, and other renements do not generally alter the equilibrium dynamics of interest here ( Beaudry and Portier 2004 , 2007 and Jaimovich and Rebelo, 2006 and will not change our basic conclusions. For the purposes of the remainder of the paper we need a systematic way of categorizing these dierent equilibrium dynamic responses. Consider initially the responses of consumption growth (g C ) and investment growth (g I K ) only 2 . Grouping these into periods of either positive or negative growth results in four possible combinations or cases which may be conveniently represented in the following table.
Heuristically speaking for the moment, if we assume only unanticipated shocks to TFP, the model's equilibrium dynamics produce only positive comovements due to realized productivity eects. Thus, under only unanticipated changes, only cases I or IV should be observed. In other words, the model assuming purely unanticipated shocks, or other models that predict only positive comovements, are inconsistent with observations of cases II or III. In contrast, anticipated changes in the model produce both negative comovements (cases II and/or III) due to anticipation eects, and subsequent positive comovements (cases I and/or IV) due to realized productivity eects.
Thus, under the maintained assumption of this model, the number and pattern of cells observed in this methodology are informative about the underlying shock process. Some caution employing the signs of growth-rate deviations from BGP to indicate the frequency of anticipation eects is warranted, however. In Figure 1 for example, period-1 would show opposite signs for g C and g I K , periods-2 and 3 would show both 2 Beaudry and Portier (2007) show that consumption and investment always vary inversely in response to anticipated productivity or demand shifts in this framework. 
Measures of Comovement.
Here we construct two growth-rate deviation measures from our data to relate to the dynamic responses discussed in Section 2 above. The rst are the deviations of log rst-dierences from their sample mean denoted as (1 − L)x t − µ. This is the sample analogue to the BGP-deviations illustrated in Figure 1 . The second, denoted HP t , are simply the detrended growth rate series obtained from an HP-lter with smoothing parameter equal to 1600. Table 1 provides means and standard errors of these measures (last two rows) of the dynamic properties of real per-capita consumption (C), investment (I K ), output (Y ), and hours (H) from our data sample, in addition to the levels and growth rates of each of these variables.
3 See (Love, 2007) for details. Continuing our focus on consumption and investment, Table 2 presents the observed frequencies from our data sample of the four possible sign combinations for each of the two alternative measures. Episodes of positive comovement in the sample are generally more numerous. However, episodes of negative comovement make up 41% of observations on BGP-deviations and 19% in the HP-ltered case. 
Employing the row and column totals from each table it is straightforward to calculate the Chi-square statistic reported at the bottom of each panel for the null hypothesis of no association between the variables 4 . In both cases no association is strongly rejected implying the presence of signicant underlying structure. However, of the 213 observations after lags, only 38 of these result in the same categorization of comovements for both the BGP-deviation and HP-ltered data 5 . Thus the implied dynamic structure at quarterly frequencies diers from that at the business-cycle frequencies yielded by the HP-lter. This result is reproduced and discussed further in our simulation work below.
In any case there is ample evidence of the presence of negative comovements between consumption and investment which, as we have seen, may be explained by anticipation eects in the simple Neoclassical framework. The evidence does not support the rejection of the joint assumption of a Neoclassical model and anticipated changes. On the other hand, the evidence is clearly inconsistent with the model under purely unanticipated shocks or with alternative frameworks that predict only positive comovements between these variables. This is not to argue that the model at hand is an adequate representation of the business cycle, but
where N ij is the number of observations, and n ij is the expected number calculated under the null hypothesis from only the row and column totals, for the i th row and j th column.
5 Similarly disparate predictions of dierent data lters for business cycle facts are documented by Canova (1998) .
only that these features of the data beg an explanation, and that anticipation in the Neoclassical framework provides a ready one.
3.3
Relation to Business Cycle Dates.
It is natural to ask if these observed categorizations of comovements can be related to any other recognizable features of the business cycle. Appendix B contains the category numbers from the above scheme that were obtained for observations bracketing each of the nine NBER dated business cycle peaks and troughs in our sample. The emphasis on positive comovements in the prototypical business cycle model implies that business cycle peaks should be characterized by movements from positive growth rates to negative.
That is, we should observe sequences like IV→I at or near peak dates 
As before, consumption changes are treated as one variable with the two possible outcomes (signs)
represented by the columns of the (
Purely positive comovements account for 34% of observations using the BGP-deviations and 68% using the HP-ltered data. Under both measures the most predominant type of negative comovements are; consumption moving inversely with investment, output, and hours (cells viii and ix), and hours moving inversely with investment, output, and consumption (cells ii and xv). The former are the types of comovements predicted by the Neoclassical model under anticipated productivity changes and account for between 8% and 17% of observations. The later are also predicted by the Neoclassical model, but for demand shocks, and represent between 8% and 19% of observations.
Despite the increased complexity of the categorization here the Chi-square statistics continue to clearly reject the null-hypothesis of no association between consumption changes and other variable changes 6 . Relating these categorization results to NBER business cycle dates also supports the same conclusions arrived at from the two-variable analysis of sections 3.2 and 3.3. Notwithstanding the predominance of purely positive comovements as measured by the HP-ltered data, a large proportion of observations are inconsistent with business cycle models that emphasize only positive comovements between these aggregates. 4 Model Simulations.
In this section we use the simulation methodology of the RBC literature (Kydland and Prescott (1982) , Prescott(1986) ) to evaluate the ability of basic Neoclassical models to replicate the empirical evidence on comovements discussed above. Simulations will also prove useful in establishing the reliability of the dierent measures of comovement for identifying the presence of anticipation eects and for estimating their frequency in the data 7 .
4.1
The Benchmark Case.
We take as our benchmark case the divisible-labour model of Section 2 under the assumption of purely unanticipated shocks to TFP. Time periods are assumed to correspond to quarterly observations. For comparability with other literature we employ the calibration of Christiano and Eichenbaum (1992) with the exception that we set the innovation variance to match the variance of per capita GDP growth (0.008) from our data sample. Table 5 provides a summary of the parameter settings and corresponding balanced-growth variable values for this benchmark calibration. 
the narrow structure of the model. Similarly, cells with zero frequency imply an immediate rejection of the model on the basis of Chi-square goodness-of-t measures relative to the data. The presence of negative comovements observed in actual data cannot be explained by a model that puts zero probability on such outcomes.
In the simulated data, the few (about 5%) observations indicating negative comovements are explained by the model's dynamics as it returns to its BGP subsequent to a realized TFP shock. In the case of a positive shock for example, during this phase of the transition consumption and output growth tend to remain above their BGP values while growth of investment and hours linger below. This illustrates some diculty, as noted in Section 2, in using simple growth-rate deviations for the identication and estimation of the frequency of anticipation eects. First-dierences of growth rates are more reliable producing less than 2% deviation on average from the perfect positive correlations which theoretically dene this model's dynamics.
Yet, qualitatively these results dier only marginally from our basic measures, providing condence for our interpretation of the empirical evidence presented in Section 3.
4.2
Anticipated TFP Changes.
We now simulate the model under the assumption that upcoming TFP changes are reliably signalled threeperiods before the changes take eect as in the example of Figure 1 8 . Table 7 contains the results of categorizing the comovements from this simulation. 
We now observe numerous periods of negative comovement between consumption and the other three aggregates (cells viii and ix) plus a signicant proportion of purely positive comovements. In this anticipatedchange framework purely positive comovements continue to arise as the contemporary responses to realizations of previously anticipated TFP changes often outweigh the economy's reaction to current news shocks.
Thus the assumption of anticipated changes is consistent with both types of observations seen in the data.
Assuming only anticipated changes under this calibration overpredicts the percentage of observations in cells viii and ix relative to the data, however as mentioned below, this is sensitive to the assumed intertemporal elasticity of substitution (set to unity here). The main point is that anticipation improves the model's performance relative to the data by shifting the model away from predicting positive comovements only.
It is clear that combinations of anticipated and unanticipated changes could yield proportions of these observations closely matching the data.
On the other hand, it is also clear from these sparse tables that the model continues to fail to generate the overall diversity of comovements witnessed in the data. This paper is not arguing that the anticipation assumption is a x for all of the failures of Neoclassical RBC models. The point is that anticipation eects in this model provide a ready explanation for a signicant fraction of the observed comovements that are not explained under the standard alternative and thus, ceteris paribus, they oer an improvement in the overall modeling strategy.
Reducing the length of the anticipation period does not qualitatively change the results overall. It does tend to increase the frequency of observed negative comovements for BGP-deviations, but not for the 8 Beaudry and Portier (2004) estimate anticipation periods of between 2 and 4 quarters using a simulated method of moments.
HP t -measure. From Table 7 we can see that the HP t -measure reverses the frequencies of negative and positive comovements relative to the BGP-deviation measure and relative to what we might expect given the theoretical properties of the model discussed in Section 2. Whether, in general, the HP-lter uncovers or obscures relevant information regarding underlying economic structures is debatable. For the simulated example worked here though, it is apparent that HP-ltering presents a view of the data that is less consistent with the underlying theoretical structure than the view provided by rst-dierencing. At a minimum this undermines our condence in the singular use of HP-ltered data to analyze business cycle comovements and, in particular, in the predominance of purely positive comovements. At a further extreme it supports the arguments of Nason (1995, 1995b ) that HP-ltering can lead to spurious conclusions regarding the underlying data generation process.
Model Variations and Robustness.
Modications to the benchmark model and analysis of the eects of anticipation under these changes are detailed in Love (2007) . Here we briey mention the main conclusions of that work.
The addition of unanticipated government demand shocks is well-known to introduce some negative comovements amongst consumption, investment, output, and hours 9 See for example Christiano and Eichenbaum (1992) .
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Other RBC Stylized Facts and Anticipation
Given the inuence of anticipation on comovements it is natural to ask how this assumption aects the model's predictions about the relative volatilities and correlations central to most RBC analyses. Briey, While anticipation allows the model to correctly predict signicant episodes of negative comovements in the data, the model also continues to predict large and positive average correlations. Thus anticipation addresses a failure of conventional RBC models while preserving a central salient feature of business-cycle data.
Anticipation enhances consumption smoothing. This lowers the relative volatility of consumption to output and lowers the consumption-output correlation. Consumption smoothing is facilitated through investment choices and so anticipation tends to increase the relative volatility of investment. Overall, for
(1 − L)-ltered data, these changes under 1-quarter of anticipation are neutral or at worst ambiguous in regards to the model's moment matching potential. For HP-ltered data these changes oer clear improvements for this moment matching.
Lastly, anticipation magnies the eects of shocks in the model. This is seen in the higher variability of output and output growth, and in the higher relative volatility of hours. This magnication means that less reliance on exogenous volatility is required in the model to capture the data, and so addresses a well-known criticism of RBC theory. Furthermore the result will be inherent to most RBC frameworks as it is due only to the optimal separation over time of wealth and substitution eects in a dynamic context.
Conclusion
Standard Neoclassical models predict negative comovements between major macroeconomic variables in response to reliable information about future fundamentals unrelated to current fundamentals (i.e. news shocks). This has been viewed as inconsistent with the large positive correlations found in the data, and with the stylized view of business cycles as comprised of positive comovements only. Consequently the recent literature on expectations driven business cycles, for example, has put a lot of eort into coming up with models that predict generic positive comovements only in response to news shocks.
This paper shows that negative comovements between major macroeconomic variables at business-cycle frequencies are in fact commonly observed, and that standard Real Business Cycle (RBC) theory fails to predict this feature of the data. We then show that allowing for anticipation eects in response to news shocks enables standard RBC models to predict both these observed patterns of negative comovement and the overall positive correlations. Anticipation also improves magnication of shocks in the model without harming predictions for the other second moments central to RBC studies. Thus, rather than being inconsistent with the data, anticipation eects in standard RBC frameworks oer an empirically plausible explanation for the presence of numerous negative comovements, while models which emphasize or predict only positive comovements lack empirical support. employed the comparable BLS series average weekly hours, total private industries (AWHNONAG) for the rest of the sample. As these series are monthly they had to be aggregated to quarterly values. As they represent weekly hours we then multiplied by 13 to obtain quarterly hours. To convert to a per worker basis, as indicated above, we multiplied by civilian employment 16 years and older (CE16OV) divided by CNP16OV. These gures where then converted to percentage terms by dividing by 1456 hours, which assumes a normalization of the unit of time available for work of 16 hours per day, 7 days per week, 13 weeks per quarter. Finally, the early part of the sample formed from the NBER data was divided by 1.0482 in order to scale it to be consistent with the later part of the sample based on the BLS series. This scaling factor is simply the average of the dierence between the two series for that part of the sample for which they overlap (i.e. 1963:3 to 1969:4).
